Visual perception and eye movements are considered to be tightly linked. Diverse fields, ranging from developmental psychology to computer science, utilize eye tracking to measure visual perception. However, this prevailing view has been challenged by recent behavioral studies. Here, we review converging evidence revealing dissociations between the contents of perceptual awareness and different types of eye movement. Such dissociations reveal situations in which eye movements are sensitive to particular visual features that fail to modulate perceptual reports. We also discuss neurophysiological, neuroimaging, and clinical studies supporting the role of subcortical pathways for visual processing without awareness. Our review links awareness to perceptual-eye movement dissociations and furthers our understanding of the brain pathways underlying vision and movement with and without awareness.
Visual perception and eye movements are considered to be tightly linked. Diverse fields, ranging from developmental psychology to computer science, utilize eye tracking to measure visual perception. However, this prevailing view has been challenged by recent behavioral studies. Here, we review converging evidence revealing dissociations between the contents of perceptual awareness and different types of eye movement. Such dissociations reveal situations in which eye movements are sensitive to particular visual features that fail to modulate perceptual reports. We also discuss neurophysiological, neuroimaging, and clinical studies supporting the role of subcortical pathways for visual processing without awareness. Our review links awareness to perceptual-eye movement dissociations and furthers our understanding of the brain pathways underlying vision and movement with and without awareness.
Acting without seeing: eye movements reveal visual processing without awareness Using our eyes to actively explore the world and to gather information is a central part of human visual experience. The link between eye movements and visual perception is so tight that perception is facilitated even during the preparation of eye movements [1] [2] [3] [4] [5] . Recently, however, behavioral studies have revealed dissociations between perceptual reports, that is, the contents of visual awareness, and different types of voluntary (e.g., saccades, smooth pursuit, and vergence; see Glossary) and involuntary (e.g., microsaccades, ocular following, and optokinetic nystagmus) eye movement. Here, we review these perception-action dissociations, in which eye movements are sensitive to particular visual features, even though observers show no awareness of those features, as assessed by explicit perceptual reports. Some authors refer to 'awareness' and 'consciousness' interchangeably; we use the term
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Glossary
Procedures to manipulate stimulus visibility Adaptation: prolonged viewing of an image resulting in decreased sensitivity to the adapted stimulus during subsequent viewing. Binocular rivalry: when two different images are projected to corresponding retinal areas of the two eyes, observers report that the images alternate at a random rate, with one image dominant and the other suppressed, rather than fused into a coherent percept. Some of the physical visual information does not reach awareness, while the rest does, dissociating physical stimulation and awareness. Binocular rivalry flash suppression: variation of binocular rivalry; one image is shown to one eye for a prolonged period of time (monocular adaptation), followed by a test period, during which the adapted eye sees the same stimulus as during adaptation and the unadapted eye sees a novel stimulus. The timing of awareness periods is under the experimenter's control. Continuous flash suppression (CFS): procedure in which one eye is presented with a static stimulus, while the other eye sees a series of distinct images flashing successively at 10 Hz. The dynamic stimuli suppress the perception of the static stimulus longer and deeper compared with binocular rivalry. Spatial suppression: reduction in the activity of a neuron in response to a stimulus outside its classical receptive field.
Eye movements
Microsaccades: largest (<1 o ) and fastest fixational eye movement, occurring a couple of times per second. They are involuntary and humans are generally unaware of their existence; however, they are thought to have a functional role in visual perception and cognition. Ocular following response (OFR): reflexive, smooth tracking movement in response to sudden-onset, large-field, rapid stimulus motion; characteristic short latency (humans: 85 ms). Optokinetic nystagmus (OKN): involuntary tracking movement evoked by largefield visual motion. Smooth tracking in the direction of stimulus motion (slow phase) alternates with fast backward saccades (quick phases) to reset the eye. Saccades: discrete, ballistic movements that direct the eyes quickly toward a visual target. Smooth pursuit eye movements: continuous, slow movements that keep the eyes close to a moving visual target. Vergence: movements that rotate the eyes simultaneously in opposite directions to direct the fovea of both eyes at objects of interest located at different distances relative to the observer. Vestibuloocular reflex (VOR): compensates for head motion and is evoked by signals arising in the semicircular canals in the inner ear.
Brain structures for unaware processing of visual information Dorsal lateral geniculate nucleus (dLGN): thalamic nucleus that transmits visual signals from the retina to V1 along the retinogeniculate pathway, as well as directly to extrastriate areas, bypassing V1 through SC and pulvinar. Feedback connections from V1 and brainstem modulate information processing in the dLGN. Pulvinar nucleus: largest nucleus of the human thalamus, processes visual information and lies posterior, medial, and dorsal to the LGN; strongly connected to visual cortex. Superior colliculus (SC): multilayered brainstem structure on the roof of the midbrain; has a major role in the control of eye movements. It receives direct projections from retinal ganglion cells and conveys information to V1 through dLGN and to extrastriate visual areas through pulvinar. 
